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Interpretative summary:  Assessment of dietary ratios of red clover and maize silages on milk production, milk quality, and whole-body nitrogen partitioning in dairy cows.  By Moorby et al., page 000.  Red clover requires no nitrogen fertilizer to grow, and has good potential as a feed for dairy cows on low input farms.  Corn silage provides energy to the cow, but has a low protein content.  We fed dairy cows mixtures of corn and red clover silages and then measured milk yield and quality.  Optimum feed intakes, and hence milk yields, were found in cows fed a diet with a 1:1 mixture of the two silages.
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Twenty-four multiparous Holstein-Friesian dairy cows were used in a replicated 33 Latin square changeover design experiment to test the effects of changing from corn (Zea mays) silage to red clover (Trifolium pratense) silage in graded proportions on feed intakes, milk production, and whole body nitrogen and phosphorus partitioning.  Three dietary treatments, comprising ad libitum access to one of three forage mixtures plus a standard allowance of 4 kg/d dairy concentrates, were offered.  The three treatment forage mixtures were, on a dry matter (DM) basis: 1) R10: 90% corn silage and 10% red clover silage, 2) R50: 50% corn silage and 50% red clover silage, and 3) R90: 10% corn silage and 90% red clover silage.  In each of three experimental periods, there were 21 d for adaptation to diets, and 7 d for measurements.  Diet CP intakes increased, and starch intakes decreased, as the silage mixture changed from 90% corn to 90% red clover, although the highest forage DM intakes and milk yields were achieved on diet R50.  Although milk fat yields were unaffected by diet, milk protein yields were highest with the R50 diet.  Whole body partitioning of N was measured in a subset of cows (n = 9), and both the daily amount and proportion of N consumed that was excreted in feces and urine increased as the proportion of red clover silage in the diet increased.  However, the apparent efficiency of utilization of feed N for milk protein production decreased from 0.33 g/g for diet R10 to 0.25 g/g for diet R90.  The urinary excretion of purine derivatives (sum of allantoin and uric acid) tended to increase, suggesting greater flow of microbial protein from the rumen, as the proportion of red clover silage in the diet increased, and urinary creatinine excretion was affected by diet.  Fecal shedding of E. coli was not affected by dietary treatment.  In conclusion, even though microbial protein flow may have been greatest from the R90 diet, optimum feed intakes and milk yields were achieved on a diet that contained a 1:1 DM mixture of corn and red clover silages.
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INTRODUCTION
Red clover (Trifolium pratense) is an important crop for producing high protein silage in North American and norther Europe.  As a legume, its ability to fix atmospheric nitrogen (N) means that no fertilizer N applications are required for its cultivation, and this makes it an important crop in organic or other low-input farming systems.  Red clover is a relatively short-term crop (2-3 years), and the accumulation of fixed N in soil following a crop of it makes it suitable as part of a soil fertility-building rotation with other crops such as corn (Zea mays) ( ADDIN EN.CITE , ).  The N fixed by the legume can thus be used in the production of both energy- and protein-rich forages.  The efficiency of use of N in protein-rich forages such as legume silages is often low, as a result of low concentrations of an energy source such as starch or water-soluble carbohydrates.  Legume silages, such as red clover silage, are thus best fed mixed with another crop that can provide rumen-available energy to improve the capture of rumen-degradable protein.  Corn silage offers this potential, with relatively high concentrations of starch being provided.  Recent work investigating the use of red clover silage as the sole forage led to improvements in milk yields, compared with grass silage alone, largely through improvements in feed intake ( ADDIN EN.CITE , , ).  However, Moorby et al. (2009), comparing mixtures of red clover and ryegrass silages, concluded that the optimum milk yields were achieved with a ratio of 66% red clover silage in the forage component of the diet.  Similar results were found by  HYPERLINK \l "_ENREF_25" \o "Halmemies-Beauchet-Filleau, 2014 #27783"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Halmemies-Beauchet-Filleau</Author><RecNum>27783</RecNum><DisplayText>Halmemies-Beauchet-Filleau et al. (2014</DisplayText><record><rec-number>27783</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27783</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Halmemies-Beauchet-Filleau, A.</author><author>Vanhatalo, A.</author><author>Toivonen, V.</author><author>Heikkilä, T.</author><author>Lee, M. R. F.</author><author>Shingfield, K. J.</author></authors></contributors><titles><title>Effect of replacing grass silage with red clover silage on nutrient digestion, nitrogen metabolism, and milk fat composition in lactating cows fed diets containing a 60:40 forage-to-concentrate ratio</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>3761-3776</pages><volume>97</volume><number>6</number><dates><year>2014</year></dates><publisher>Elsevier</publisher><isbn>0022-0302</isbn><urls><related-urls><url>http://dx.doi.org/10.3168/jds.2013-7358</url></related-urls></urls><electronic-resource-num>10.3168/jds.2013-7358</electronic-resource-num><access-date>2016/04/28</access-date></record></Cite></EndNote>Halmemies-Beauchet-Filleau et al. (2014), who found increased feed intakes and milk yields from feeding mixtures of grass and red clover, compared to them being fed alone, while  HYPERLINK \l "_ENREF_54" \o "Vanhatalo, 2009 #27698"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Vanhatalo</Author><Year>2009</Year><RecNum>27698</RecNum><DisplayText>Vanhatalo et al. (2009</DisplayText><record><rec-number>27698</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27698</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Vanhatalo, A.</author><author>Kuoppala, K.</author><author>Ahvenjarvi, S.</author><author>Rinne, M.</author></authors></contributors><titles><title>Effects of feeding grass or red clover silage cut at two maturity stages in dairy cows. 1. Nitrogen metabolism and supply of amino acids</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>5620-5633</pages><volume>92</volume><number>11</number><dates><year>2009</year><pub-dates><date>Nov</date></pub-dates></dates><accession-num>WOS:000270916500030</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000270916500030</url></related-urls></urls><electronic-resource-num>10.3168/jds.2009-2249</electronic-resource-num></record></Cite></EndNote>Vanhatalo et al. (2009) found highest feed intakes by cows offered a 1:1 mixture of the 2 silages, but this did not translate to improvements in milk yields. 
Most strains of Escherichia coli are commensal although the O157 strain is pathogenic in humans, with cattle being an important potential source of contamination of the food chain ( ADDIN EN.CITE , ).  The cattle diet, and particularly its starch concentration, can significantly influence (reduce or increase) fecal shedding of E. coli, including the O157 strain ( HYPERLINK \l "_ENREF_10" \o "Callaway, 2009 #27781"  ADDIN EN.CITE <EndNote><Cite><Author>Callaway</Author><Year>2009</Year><RecNum>27781</RecNum><DisplayText>Callaway et al., 2009</DisplayText><record><rec-number>27781</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27781</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Callaway, T. R.</author><author>Carr, M. A.</author><author>Edrington, T. S.</author><author>Anderson, R. C.</author><author>Nisbet, D. J.</author></authors></contributors><auth-address>ARS, Food &amp; Feed Safety Res Unit, So Plains Agr Res Ctr, USDA, College Stn, TX 77845 USA&#xD;Natl Cattlemens Beef Assoc, Centennial, CO USA</auth-address><titles><title>Diet, Escherichia coli O157:H7, and Cattle: A Review After 10 Years</title><secondary-title>Current Issues in Molecular Biology</secondary-title><alt-title>Curr Issues Mol Biol</alt-title></titles><periodical><full-title>Current Issues in Molecular Biology</full-title><abbr-1>Curr. Issues Mol. Biol.</abbr-1></periodical><pages>67-79</pages><volume>11</volume><keywords><keyword>volatile fatty-acids</keyword><keyword>beef feedlot cattle</keyword><keyword>o157-h7 in-vitro</keyword><keyword>bovine feces</keyword><keyword>rectoanal-junction</keyword><keyword>united-states</keyword><keyword>preharvest interventions</keyword><keyword>saccharomyces-cerevisiae</keyword><keyword>gastrointestinal-tract</keyword><keyword>competitive-exclusion</keyword></keywords><dates><year>2009</year></dates><isbn>1467-3037</isbn><accession-num>WOS:000265800600001</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000265800600001</url></related-urls></urls><language>English</language></record></Cite></EndNote>Callaway et al., 2009), while feeding of red clover hay has been shown to reduce the amount of E. coli in cattle rumen contents ( HYPERLINK \l "_ENREF_29" \o "Jacobson, 2002 #23213"  ADDIN EN.CITE <EndNote><Cite><Author>Jacobson</Author><Year>2002</Year><RecNum>23213</RecNum><DisplayText>Jacobson et al., 2002</DisplayText><record><rec-number>23213</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">23213</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Jacobson, L. H.</author><author>Nagle, T. A.</author><author>Gregory, N. G.</author><author>Bell, R. G.</author><author>Le Roux, G.</author><author>Haines, J. M.</author></authors></contributors><titles><title>Effect of feeding pasture-finished cattle different conserved forages on Escherichia coli in the rumen and faeces</title><secondary-title>Meat Science</secondary-title></titles><periodical><full-title>Meat Science</full-title><abbr-1>Meat Sci.</abbr-1></periodical><pages>93-106</pages><volume>62</volume><number>1</number><dates><year>2002</year></dates><isbn>0309-1740</isbn><accession-num>WOS:000177006900013</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000177006900013</url></related-urls><pdf-urls><url>file://D:\Reference PDFs\Jacobson et al, Meat Sci 02, 93.pdf</url></pdf-urls></urls></record></Cite></EndNote>Jacobson et al., 2002). 




	All procedures used in this experiment were licensed and regulated by the UK Home Office under the Animals (Scientific Procedures) Act of 1986.  The experiment used 24 multiparous Holstein-Friesian dairy cows, which had a mean weight of 623 (SD = 51.4) kg and 106 (SD = 16.1) DIM at the start, in a 3  3 Latin square design with 8 replicated squares.  Cows were kept in a free-stall barn at all times, apart from a subset of 9 cows (3 per treatment) that were transferred to a metabolism unit for feed digestibility and N partitioning measurements for 10 days during each period of the experiment.  Each experimental period lasted 28 d, comprising an adaptation period (the first 21 d) and a measurement period (the last 7 d).
For three wk before the start of the experiment all animals were fed a common covariate diet with ad libitum access (to ensure refusals of at least 0.1 of the quantity offered) to ryegrass silage and red clover (1:1 mix on a fresh matter basis) plus 4 kg/d per cow of a standard purchased dairy concentrate feed (Dairy HC 18 pellets, Welsh Feed Producers, Carmarthen, UK).  Cows were assigned to one of the 8 replicate Latin squares of 3 animals based on milk yield data collected over the wk before the start of the experiment.  Animals were ranked from highest to lowest milk yields, and the top 3 yielding cows were then allocated to square 1, the next 3 yielders to square 2, and so on with the lowest 3 yielding animals allocated to square 8.  Within each Latin square, animals were allocated at random to each of the 3 treatments.  Cows in Latin squares 1, 4 and 7 were used for digestibility and whole-body N and P partitioning measurements.
Three dietary treatments were used in the experiment.  These consisted of ad libitum access to one of three forages, comprising mixtures of corn and red clover silages, together with an allowance of 4 kg (fresh) of the same concentrate per day (offered as 2 kg at each milking, at approximately 0500 and 1500 h).  The forage treatments, prepared on a dry matter (DM) basis, were: 1) R10, 90% corn:10% red clover silage; 2) R50, 50%:50% corn silage:red clover silage; and 3) R90, 10%:90% corn silage:red clover silage.  The corn silage was not fed at 100% rates to avoid known potential issues associated with this high starch concentrations, low protein concentrations, short fiber lengths.  Although red clover silage fed as a sole forage is unlikely to cause problems, the R90 diet mix was prepared as the logical opposite to the R10 mix.  The corn silage was prepared as a large bunker from a corn crop harvested with a self-propelled forage harvester fitted with a corn cracker, and using an inoculant (Sil-All Fireguard, Alltech UK, Stamford, UK; containing Lactobacillus plantarum, Enterococcus faecium, Lactobacillus salivarius, and Pediococcus pentosaceus) at manufacturer’s recommended application rates (1 M colony forming using/g fresh forage).  The red clover silage was prepared as big round bales from second and third cuts of a monoculture sward of red clover (cv. Milvus), using an inoculant (Powerstart; Genus plc, Nantwich, Cheshire, UK; containing Lactobacillus plantarum) at ensiling at manufacturer’s recommended rates (1 M colony forming using/g fresh forage); the red clover crop was not chopped before baling.  During the experiment the red clover used was a mixture of the two silage cuts in a ratio of 2 bales first cut to 1 bale third cut.  The concentrate feed had a declared ingredient list of wheat (35% of the fresh matter), extracted rapeseed meal (17.5%), corn meal (10%), palm kernel expellers (10%), molasses (6%), field beans (5.25%), soyabean meal (5%), wheatfeed (4.05%), extracted sunflower meal (3%), vegetable oil (1.6%), and a mineral and vitamin mix (2.6%).
The 3 corn and red clover mixes were prepared by thorough mixing in a Storti Labrador 120 mixer wagon fitted with a chopping auger (Ruston’s Engineering Co. Ltd, Huntingdon, UK).  Forage was dispensed into individual feed bins of forage intake control feeders (Insentec B.V., Marknesse, The Netherlands) to allow automatic recording of ad libitum feed intakes in the free-stall barn, or into individual feed tubs (in the metabolism unit) as required, with cold storage (4 °C) if kept for more than one day.  
Between each experimental period, dietary treatments were switched from one to the other over the course of 4 days in steps of 25% difference between current and subsequent treatments.  For example, changing from diet R10 (90% corn silage:10% red clover silage) to diet R90 (10% corn silage:90% red clover silage), cows were given diets in which the forage component was approximately 70%, 50%, 30% corn silage (the remainder being red clover) on the first, second and third days at the start of the new period, and onto their final diet with 10% corn silage on the fourth day.

Measurements and Sample Analysis
Feed intakes and milk yields were recorded daily throughout the experiment, but only those data recorded during the last wk of each period were used in statistical analyses.  Samples of feed were collected daily and composited on a weekly basis for analysis, with storage at ‑20 °C.  Concentrate samples (for all analyses) and silage samples (for freeze-DM, water soluble carbohydrates, total N, pH, ammonia-N, VFA, and lactic acid) were submitted fresh (frozen).  All other analyses were carried out using freeze-dried material; samples were dried to a constant weight to determine freeze-DM content.  Silage pH was determined after water extraction using a Hydrus 400 pH meter (Fisher Scientific UK, Loughborough, Leicestershire, UK). Ammonia-N concentration was determined enzymatically using glutamate dehydrogenase on a discrete analyzer (FP-901M Chemistry Analyzer, Labsystems Oy, Helsinki, Finland; test kit No. 66-50, Sigma-Aldrich Co. Ltd., Poole, Dorset, UK).  Silage lactate concentration was analyzed using l-lactate dehydrogenase (Boehringer Mannheim test kit no. 10 139084 035, R-Biopharm Rhône Ltd, Glasgow, UK).  Volatile fatty acids were determined by gas chromatography using a Chrompack CP 9002 chromatograph (CP-Sil 5CB column 10 m × 0.25 mm internal diameter; Varian Inc., Palo Alto, CA, USA) following the method of Zhu et al. ( HYPERLINK \l "_ENREF_58" \o "Zhu, 1996 #3721"  ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>Zhu</Author><Year>1996</Year><RecNum>3721</RecNum><DisplayText>1996</DisplayText><record><rec-number>3721</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3721</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Zhu, W. -Y.</author><author>Theodorou, M. K.</author><author>Longland, A. C.</author><author>Nielsen, B. B.</author><author>Dijkstra, J.</author><author>Trinci, A. P. J.</author></authors></contributors><titles><title>Growth and survival of anaerobic fungi in batch and continuous-flow cultures</title><secondary-title>Anaerobe</secondary-title></titles><periodical><full-title>Anaerobe</full-title></periodical><pages>29-37</pages><volume>2</volume><dates><year>1996</year></dates><urls></urls></record></Cite></EndNote>1996).  Sample OM concentration was determined by combustion at 550C for 6 h in a muffle furnace.  Silage residual water-soluble carbohydrate concentrations were determined spectrophotometrically using an auto-analyser (SEAL Analytical Ltd, Southampton, UK) as described by  HYPERLINK \l "_ENREF_49" \o "Thomas, 1977 #3719"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Thomas</Author><Year>1977</Year><RecNum>3719</RecNum><DisplayText>Thomas (1977</DisplayText><record><rec-number>3719</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3719</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Thomas, T. A.</author></authors></contributors><titles><title>An automated procedure for the determination of soluble carbohydrates in herbage</title><secondary-title>Journal of the Science of Food and Agriculture</secondary-title></titles><periodical><full-title>Journal of the Science of Food and Agriculture</full-title><abbr-1>J. Sci. Food Agric.</abbr-1><abbr-2>J Sci Food Agric</abbr-2></periodical><pages>639-642</pages><volume>28</volume><dates><year>1977</year></dates><urls></urls></record></Cite></EndNote>Thomas (1977).  Starch concentration was determined as the difference between the initial water-soluble carbohydrate concentration and water-soluble carbohydrate concentration (as glucose) determined after boiling in water and subsequent hydrolysis with amyloglucosidase (Sigma-Aldrich Co. Ltd).  A coefficient of 0.9 was used as a factor for converting measured glucose release into the original starch concentration.  Briefly, 0.4 g of sample was refluxed in 80 ml deionized water for 30 minutes, 20 ml of cold acetate buffer (comprising 40% v/v 1 M sodium acetate and 60% v/v 1 M acetic acid) was then added, and the mixture was allowed to cool for 20 min. This was then shaken for 1 hour following addition of 10 ml amyloglucosidase solution (1 g in 100 ml deionized water).  This solution was then made up to 250 ml, filtered, and a portion of the filtrate was analyzed for water-soluble carbohydrate concentration ( HYPERLINK \l "_ENREF_49" \o "Thomas, 1977 #3719"  ADDIN EN.CITE <EndNote><Cite><Author>Thomas</Author><Year>1977</Year><RecNum>3719</RecNum><DisplayText>Thomas, 1977</DisplayText><record><rec-number>3719</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3719</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Thomas, T. A.</author></authors></contributors><titles><title>An automated procedure for the determination of soluble carbohydrates in herbage</title><secondary-title>Journal of the Science of Food and Agriculture</secondary-title></titles><periodical><full-title>Journal of the Science of Food and Agriculture</full-title><abbr-1>J. Sci. Food Agric.</abbr-1><abbr-2>J Sci Food Agric</abbr-2></periodical><pages>639-642</pages><volume>28</volume><dates><year>1977</year></dates><urls></urls></record></Cite></EndNote>Thomas, 1977).  Total N concentration was determined using a Leco FP 428 nitrogen analyzer (Leco Corporation, St. Joseph, MI, USA), and expressed as CP (total N  6.25) concentration.  Total P concentrations were determined in samples following digestion in aqua regia for 2.5 to 3 hours at 120C, with subsequent analysis of the extract by inductively coupled plasma atomic emission spectrometry (Liberty Series II, Varian Limited, Oxford, UK).  Fiber analyses were carried out with the aid of Fibretec equipment (Tecator Ltd., Thornbury, Bristol, Somerset, UK).  Neutral detergent fiber assayed with a heat stable amylase and, expressed inclusive of residual ash, was determined as described by  HYPERLINK \l "_ENREF_52" \o "Van Soest, 1991 #3231"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Van Soest</Author><Year>1991</Year><RecNum>3231</RecNum><DisplayText>Van Soest et al. (1991</DisplayText><record><rec-number>3231</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3231</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Van Soest, P. J.</author><author>Robertson, J. B.</author><author>Lewis, B. A.</author></authors></contributors><titles><title>Methods for dietary fiber, neutral detergent fiber, and nonstarch polysaccharides in relation to animal nutrition</title><secondary-title>Journal of Dairy Science</secondary-title><alt-title>1</alt-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><alt-periodical><full-title>Zeitschrift fur Tierphysiologie Tierernahrung und Futtermittelkunde  - Journal of Animal Physiology and Animal Nutrition</full-title><abbr-1>1</abbr-1></alt-periodical><pages>3568-3597</pages><volume>74</volume><keywords><keyword>Starch</keyword></keywords><dates><year>1991</year></dates><call-num>3268</call-num><label>17.00</label><urls></urls></record></Cite></EndNote>Van Soest et al. (1991).  Acid detergent fiber, expressed inclusive of residual ash, was analyzed according to the method of  HYPERLINK \l "_ENREF_53" \o "Van Soest, 1967 #3230"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Van Soest</Author><Year>1967</Year><RecNum>3230</RecNum><DisplayText>Van Soest and Wine (1967</DisplayText><record><rec-number>3230</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3230</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Van Soest, P.J.</author><author>Wine, R.H.</author></authors></contributors><titles><title>Use of detergent in the analysis of fibrous feeds.  IV.  Determination of plant cell wall constituents</title><secondary-title>Journal of the Association of Official Analytical Chemists</secondary-title><alt-title>1</alt-title></titles><periodical><full-title>Journal of the Association of Official Analytical Chemists</full-title><abbr-1>J. AOAC</abbr-1><abbr-2>J AOAC</abbr-2></periodical><alt-periodical><full-title>Zeitschrift fur Tierphysiologie Tierernahrung und Futtermittelkunde  - Journal of Animal Physiology and Animal Nutrition</full-title><abbr-1>1</abbr-1></alt-periodical><pages>50-55</pages><volume>50</volume><dates><year>1967</year></dates><call-num>3267</call-num><label>17.00</label><urls></urls></record></Cite></EndNote>Van Soest and Wine (1967).  Ether extract was determined using Soxtec System HT6 equipment (Perstorp Analytical Ltd., Berkshire, UK) using petroleum ether 40-60C as the solvent.
Body weight was recorded on most days following morning milking by automatic weighing equipment when animals were in the free stall barn, and as they entered and left the metabolism unit for those that underwent the more detailed procedures.  Body condition scores, assessed at the loin and tailhead (using a 0 to 5 scale;  HYPERLINK \l "_ENREF_41" \o "Mulvany, 1977 #9972"  ADDIN EN.CITE <EndNote><Cite><Author>Mulvany</Author><Year>1977</Year><RecNum>9972</RecNum><DisplayText>Mulvany, 1977</DisplayText><record><rec-number>9972</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">9972</key></foreign-keys><ref-type name="Report">27</ref-type><contributors><authors><author>Mulvany, P.</author></authors></contributors><titles><title>Dairy cow condition scoring</title></titles><dates><year>1977</year></dates><pub-location>Reading, UK</pub-location><publisher>National Institute for Research in Dairying</publisher><isbn>Paper No. 4468</isbn><urls></urls></record></Cite></EndNote>Mulvany, 1977), were recorded at the start of the experiment and at the end of each experimental period.  Milk samples (approximately 200 mL in total per cow) were collected at each of two consecutive milkings at the end of each period on a Monday afternoon and Tuesday morning.  Individual morning and evening milking samples of the same milk (approximately 50 mL, with milk preservative) was sent for near infrared analysis of fat and protein (National Milk Records, Chippenham, Wiltshire, UK).  
In addition to the above measurements, for those animals housed in the metabolism unit feed digestibility and N and P partitioning measurements were carried out during six days at the end of each experimental period as follows.  Externally applied urine and feces separators were used to collect total outputs of excreta from the cows for 6 days.  Subsamples of feed, excreta and milk were collected, kept fresh (chilled to 4°C) and analyzed as previously described by  HYPERLINK \l "_ENREF_21" \o "Dewhurst, 2000 #4493"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Dewhurst</Author><Year>2000</Year><RecNum>4493</RecNum><DisplayText>Dewhurst et al. (2000</DisplayText><record><rec-number>4493</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">4493</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Dewhurst, R. J.</author><author>Moorby, J. M.</author><author>Dhanoa, M. S.</author><author>Evans, R. T.</author><author>Fisher, W. J.</author></authors></contributors><titles><title>Effects of altering energy and protein supply to dairy cows during the dry period.  1.  Intake, body condition, and milk production</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>1782-1794</pages><volume>83</volume><dates><year>2000</year></dates><urls></urls></record></Cite></EndNote>Dewhurst et al. (2000) and  ADDIN EN.CITE Moorby et al. (2000, 2006).  A further 100 mL of mixed composited urine were diluted with 400 mL of tap water and stored frozen for purine derivative analysis.  Concentrations of urinary purine derivatives (allantoin and uric acid) were measured as described by  HYPERLINK \l "_ENREF_20" \o "Dewhurst, 1996 #3435"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Dewhurst</Author><Year>1996</Year><RecNum>3435</RecNum><DisplayText>Dewhurst et al. (1996</DisplayText><record><rec-number>3435</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3435</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Dewhurst, R. J.</author><author>Mitton, A. M.</author><author>Offer, N. W.</author><author>Thomas, C.</author></authors></contributors><titles><title>Effects of the composition of grass silages on milk production and nitrogen utilization by dairy cows</title><secondary-title>Animal Science</secondary-title></titles><periodical><full-title>Animal Science</full-title><abbr-1>Anim. Sci.</abbr-1><abbr-2>Anim Sci</abbr-2></periodical><pages>25-34</pages><volume>62</volume><number>Pt1</number><keywords><keyword>purine derivative excretion, ruminants, allantoin, sheep, acid, infusion</keyword><keyword>dairy cows, grass silage, milk composition, nitrogen balance, purines</keyword></keywords><dates><year>1996</year></dates><urls></urls></record></Cite></EndNote>Dewhurst et al. (1996).  Nitrogen and P balances was calculated as the difference between total N and P intakes (in feed) and N and P outputs (in excreta and milk).  Apparent whole-tract diet digestibility was also measured at these times as the difference in intake and output of DM, OM, N and NDF, and these values were used to calculate intakes of digestible diet components for all cows on the appropriate treatments.  Diet ME (Mcal/kg) density was calculated as 3.7 × digestibility of OM expressed as a proportion (g/g) of the DM ( HYPERLINK \l "_ENREF_2" \o "Agricultural and Food Research Council, 1993 #3362"  ADDIN EN.CITE <EndNote><Cite><Author>Agricultural and Food Research Council</Author><Year>1993</Year><RecNum>3362</RecNum><DisplayText>Agricultural and Food Research Council, 1993</DisplayText><record><rec-number>3362</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3362</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>Agricultural and Food Research Council,</author></authors><secondary-authors><author>Alderman, G.</author><author>Cottrill, B. R.</author></secondary-authors></contributors><titles><title>Energy and protein requirements of ruminants.  An advisory manual prepared by the AFRC Technical Committee on Responses to Nutrients</title><short-title>An advisory manual prepared by the AFRC Technical Committee on Responses to Nutrients</short-title></titles><keywords><keyword>Ruminant</keyword></keywords><dates><year>1993</year></dates><pub-location>Wallingford</pub-location><publisher>CAB International</publisher><urls></urls></record></Cite></EndNote>Agricultural and Food Research Council, 1993).  In addition to feces samples required for digestibility and N and P partitioning measurements, a further 50 mL mixed subsample from each cow was collected and subsampled.  This sample was kept fresh (chilled to 4°C) for assessment of E. coli populations.  
Feces E. coli populations (total and O157 strains) were enumerated under aseptic conditions as follows.  A 30 g subsample of feces was added to 270 mL of Ringer’s solution in a Stomacher lab blender (Seward Ltd., Thetford, UK) bag, and blended for 3 min.  A sterile pipette was used to transfer 1 mL of this initial inoculum into 9 mL Ringer’s solution to achieve a 1 in 10 dilution.  A series of dilutions from 10-2 to 10-8 were prepared by repeated 1 in 10 dilutions for culturing.  All dilutions were mixed using a vortex mixer for 5 to 10 sec before plating.  Sterile Petri dishes, previously prepared with sorbitol MacConkey agar containing 5-bromo-4-chloro-3-indoxyl-ß-D-glucuronide (BCIG) (CM0981; Oxoid Ltd, Basingstoke, UK) with a cefixime tellurite selective supplement (SR0172E; Oxoid Ltd) for the isolation of E. coli O157 (added at the rate of 1.25 mg per 500 mL agar solution), were spread with 100 µL aliquots of the required inoculum dilutions.  The Petri dishes were inverted and incubated at 37C for 24 h.  Total counts of E. coli colonies, and those of E. coli O157, were recorded on dilution plates with appropriate numbers of colonies, which were then back-calculated to give the number of colony forming units per g of feces.

Statistical Analysis




	Of the 9 animals that were selected at the start of the experiment for more detailed feed digestibility and nutrient partitioning measurements, three (two offered diet R90 and one offered diet R50) had to be returned to the main group for welfare reasons (they did not adapt to the urine and feces separation equipment) before the measurements could be completed in the first experimental period, and two were replaced with other cows for the second and third measurement periods.  Within the full group of 24 cows, one cow developed mastitis and was culled during the third experimental period.  Statistical analyses were carried out with missing values for data that could not be collected.

Forage Composition
Forage mixture pH and concentrations of CP, water-soluble carbohydrates, NDF, and ADF increased as the proportion of red clover silage in the diet increased (Table 1).  At the same time, the concentrations of starch, ether extract, and acetic and lactic acids decreased.  Total diet concentrations of CP were approximately 12.4, 15.4, and 17.0% DM, NDF concentrations were approximately 38.5, 41.6, and 42.6% DM, and starch concentrations were 24.5, 11.1, 6.9% DM, for diets R10, R50 and R90 respectively.

[Tables 1 and 2 near here]

Feed Intake, Body Weights, and Milk Production
Silage (and therefore total) DM intake were similar for diets R10 and R90, with an increase of approximately 1 kg DM/d for those animals consumed in the 1:1 mix of the two silages (diet R50; Table 2).  Intakes of OM and NDF also followed this non-linear trend, with intakes of OM higher on diet R10 than diet R90, and intakes of NDF being the reverse.  Intakes of CP, on the other hand, increased as the proportion of red clover silage in the diet increased, with a substantial concomitant decrease in the intake of starch.  With the exception of dietary NDF, digestibilities of diet components measured all decreased linearly as the proportion of red clover silage in the diet increased.
There were small but statistically significant linear (P < 0.001) and non-linear (P < 0.001) effects of dietary treatment on mean BW of the animals, with treatment means of 615, 629 and 630 (standard error of the differences (SED) = 3.3) kg for diets R10, R50 and R90 respectively.  These were brought about by treatment effects over the course of the relatively short experimental periods, with BW change (calculated as the difference between mean BW at the start and end of each 4-wk experimental period) of ‑10.2, 8.5 and 11.0 (SED = 3.97) kg (Pnon-linear = 0.03).  However, there was no significant effect of dietary treatment on mean BCS either at the loin (grand mean = 2.1; SED = 0.06) or the tail head (grand mean = 2.1; SED = 0.06) or on change in BCS during each experimental period.
	Milk yields followed DM intake, and were significantly higher (by 1.2 to 1.6 kg/d) from animals offered diet R50 compared to the other two diets (Table 3).  Milk fat concentrations and yields were unaffected by dietary treatment, although milk protein concentrations declined linearly as the proportion of red clover silage in the diet increased.  There was a significant non-linear effect of diet on milk protein yields, with the highest yields coming from animals offered diet R50.  The amount of milk produced per kilogram of DM intake, and per kilogram of digestible DM intake, was not different among diets.

[Table 3 near here]
	
Whole Body N and P Partitioning
	Output of N in feces and urine, as measured in a subset of the experimental cows, increased linearly as dietary N intake increased with increasing proportions of red clover silage in the diet (Table 4).  Non-linear effects on N intake and excretion in feces, and secretion into milk, followed DM intakes and milk yields respectively.    The proportion of dietary N that was apparently secreted in milk decreased as the proportion of red clover silage in the diet increased, while the proportion of dietary N apparently excreted in urine increased.  Similarly, P intakes and output in feces were affected by dietary treatment (Table 4), increasing with increasing proportions of red clover silage in the diet, while milk P output decreased marginally.  There was a non-linear effect of diet on P balance, with the highest amounts retained in animals offered diet R50.  Partitioning of dietary P into feces was significantly non-linearly affected by dietary treatment, being lowest on diet R50 and highest on diet R90.  Very little P was excreted in urine and there were apparently minimal treatment effects on the partitioning of dietary P into urine.  Partitioning of dietary P into milk reduced significantly as the proportion of red clover in the diet increased.

[Tables 4 near here]

Output of E. coli, Urine, and Purine Derivatives
	There were no statistically significant differences apparent differences among treatments in fecal outputs of E. coli O157 and all E. coli strains, with grand means (untransformed data) of 2.66  104 and 9.20  105 CFU/g DM respectively.  However, E. coli O157 was found only in 6 of the 22 samples analyzed making it difficult to carry out a meaningful statistical analysis; two were from cows offered the R10 diet, 4 from cows offered the R50 diet, and the O157 strain was not found in the feces of any cows offered the R90 diet, even in those animals in which it had previously been found when they were consuming a different diet.
Urine outputs increased linearly as the proportion of red clover silage in the diet increased, so that the amount of urine produced by cows offered the R90 diet was 176% of that from cows offered the R10 diet (Table 4).  Urinary excretion of allantoin increased linearly as the proportion of red clover silage in the diet increased, although excretion of uric acid decreased at the same time, so that total excretion of purine derivatives was only marginally affected by diet (Table 5).  As a ratio of DM intake, the urinary excretion of purine derivatives was significantly increased as the dietary intake of red clover silage increased, but as a ratio of N intake, this trend was reversed and was minimized on the R50 diet (Pnon-linear < 0.01).  The output of creatinine in urine, expressed both on a mM/d basis and in relation to BW, was significantly affected by treatment (Table 5).  The highest rates of creatinine excretion were found on the R50 diet, with rates of excretion being the lowest from cows offered the R10 diet.

[Tables 5 near here]

DISCUSSION
Corn silage is a forage typically characterized by low protein concentrations and high energy densities.  Red clover silage, on the other hand, is a forage that is typically high in quickly degradable protein but relatively low in readily-available energy ( HYPERLINK \l "_ENREF_18" \o "Dewhurst, 2009 #27703"  ADDIN EN.CITE <EndNote><Cite><Author>Dewhurst</Author><Year>2009</Year><RecNum>27703</RecNum><DisplayText>Dewhurst et al., 2009</DisplayText><record><rec-number>27703</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27703</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Dewhurst, R. J.</author><author>Delaby, L.</author><author>Moloney, A.</author><author>Boland, T.</author><author>Lewis, E.</author></authors></contributors><titles><title>Nutritive value of forage legumes used for grazing and silage</title><secondary-title>Irish Journal of Agricultural and Food Research</secondary-title></titles><periodical><full-title>Irish Journal of Agricultural and Food Research</full-title><abbr-1>Irish J. Agr. Food Res.</abbr-1></periodical><pages>167-187</pages><volume>48</volume><number>2</number><dates><year>2009</year><pub-dates><date>2009</date></pub-dates></dates><accession-num>WOS:000280426900004</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000280426900004</url></related-urls></urls></record></Cite></EndNote>Dewhurst et al., 2009), making a mixture of the two forages appealing for improved nutrient utilization efficiency. In this study, as the proportion of red clover silage in the forage mixture increased, the CP concentration of the complete diet increased and the starch concentration decreased, clearly reflecting the different contributions of CP and starch from the red clover and corn silages.  

Feed Intakes, Feed Digestibilities, and Milk Production
The small increase in yields of milk and milk protein by cows fed the R50 diet reflect the small but significant increase in total DMI of feed on that treatment.  However, the differences in milk yield between treatments are less than might be expected from the differences in the CP concentrations of the complete diets.  The non-linear effect of diet on milk production suggests that the balance of dietary energy crude protein supplies was most appropriate with a 1:1 mixture of corn and red clover silages in this study.  The intake potential of red clover silage and corn silage is similar when they comprise the majority of the forage component of a diet ( HYPERLINK \l "_ENREF_6" \o "Benchaar, 2015 #27680"  ADDIN EN.CITE <EndNote><Cite><Author>Benchaar</Author><Year>2015</Year><RecNum>27680</RecNum><DisplayText>Benchaar et al., 2015</DisplayText><record><rec-number>27680</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27680</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Benchaar, C.</author><author>Hassanat, F.</author><author>Martineau, R.</author><author>Gervais, R.</author></authors></contributors><titles><title>Linseed oil supplementation to dairy cows fed diets based on red clover silage or corn silage: Effects on methane production, rumen fermentation, nutrient digestibility, N balance, and milk production</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>7993-8008</pages><volume>98</volume><number>11</number><dates><year>2015</year><pub-dates><date>Nov</date></pub-dates></dates><accession-num>WOS:000363495400054</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000363495400054</url></related-urls></urls><electronic-resource-num>10.3168/jds.2015-9398</electronic-resource-num></record></Cite></EndNote>Benchaar et al., 2015), while intakes of diets based on legume and corn silages tend to be higher than those based on grass silages ( ADDIN EN.CITE , , , ).  This may be related to the short fiber lengths in legume and corn silages compared to grass silage ( HYPERLINK \l "_ENREF_17" \o "Dewhurst, 2010 #27693"  ADDIN EN.CITE <EndNote><Cite><Author>Dewhurst</Author><Year>2010</Year><RecNum>27693</RecNum><DisplayText>Dewhurst et al., 2010</DisplayText><record><rec-number>27693</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27693</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Dewhurst, R. J.</author><author>Davies, L. J.</author><author>Kim, E. J.</author></authors></contributors><titles><title>Effects of mixtures of red clover and maize silages on the partitioning of dietary nitrogen between milk and urine by dairy cows</title><secondary-title>Animal</secondary-title></titles><periodical><full-title>Animal</full-title><abbr-1>Anim.</abbr-1></periodical><pages>732-738</pages><volume>4</volume><number>5</number><dates><year>2010</year><pub-dates><date>May</date></pub-dates></dates><accession-num>WOS:000277165900009</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000277165900009</url><url>http://journals.cambridge.org/download.php?file=%2FANM%2FANM4_05%2FS1751731109991716a.pdf&amp;code=c319b089d4e34b0ee332fec41a70bb64</url></related-urls></urls><electronic-resource-num>10.1017/s1751731109991716</electronic-resource-num></record></Cite></EndNote>Dewhurst et al., 2010) but this does not explain the small (approximately 1 kg DM/d) but significant increase in feed intake of the 50:50 mixture of both silages.  Many factors influence forage DMI in dairy cows including DM content, NDF concentration and degradability, and fiber particle length ( HYPERLINK \l "_ENREF_4" \o "Allen, 2000 #27755"  ADDIN EN.CITE <EndNote><Cite><Author>Allen</Author><Year>2000</Year><RecNum>27755</RecNum><DisplayText>Allen, 2000</DisplayText><record><rec-number>27755</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27755</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Allen, Michael S.</author></authors></contributors><titles><title>Effects of Diet on Short-Term Regulation of Feed Intake by Lactating Dairy Cattle</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>1598-1624</pages><volume>83</volume><number>7</number><keywords><keyword>dry matter intake</keyword><keyword>diet effects</keyword><keyword>lactating cows</keyword></keywords><dates><year>2000</year><pub-dates><date>7//</date></pub-dates></dates><isbn>0022-0302</isbn><urls><related-urls><url>http://www.sciencedirect.com/science/article/pii/S0022030200750302</url></related-urls></urls><electronic-resource-num>http://dx.doi.org/10.3168/jds.S0022-0302(00)75030-2</electronic-resource-num></record></Cite></EndNote>Allen, 2000).  The red clover silage in this study had a higher NDF concentration than the corn silage, but the overall diet NDF concentrations varied relatively little among the 3 diets.  However, the digestibility of the red clover silage NDF was higher, perhaps from increased rates of rumen fiber fermentation ( HYPERLINK \l "_ENREF_16" \o "Dewhurst, 2013 #27689"  ADDIN EN.CITE <EndNote><Cite><Author>Dewhurst</Author><Year>2013</Year><RecNum>27689</RecNum><DisplayText>Dewhurst, 2013</DisplayText><record><rec-number>27689</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27689</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Dewhurst, Richard J.</author></authors></contributors><titles><title>Milk production from silage: comparison of grass, legume and maize silages and their mixtures</title><secondary-title>Agricultural and Food Science</secondary-title></titles><periodical><full-title>Agricultural And Food Science</full-title><abbr-1>Agr. Food Sci.</abbr-1></periodical><pages>57-69</pages><volume>22</volume><number>1</number><dates><year>2013</year><pub-dates><date>2013</date></pub-dates></dates><accession-num>WOS:000316945300005</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000316945300005</url></related-urls></urls></record></Cite></EndNote>Dewhurst, 2013) or through an increase in diet CP concentration ( HYPERLINK \l "_ENREF_27" \o "Huhtanen, 2011 #27784"  ADDIN EN.CITE <EndNote><Cite><Author>Huhtanen</Author><Year>2011</Year><RecNum>27784</RecNum><DisplayText>Huhtanen et al., 2011</DisplayText><record><rec-number>27784</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27784</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Huhtanen, P.</author><author>Hetta, M.</author><author>Swensson, C.</author></authors></contributors><titles><title>Evaluation of canola meal as a protein supplement for dairy cows: A review and a meta-analysis</title><secondary-title>Canadian Journal of Animal Science</secondary-title></titles><periodical><full-title>Canadian Journal of Animal Science</full-title><abbr-1>Can. J. Anim. Sci.</abbr-1><abbr-2>Can J Anim Sci</abbr-2></periodical><pages>529-543</pages><volume>91</volume><number>4</number><dates><year>2011</year><pub-dates><date>2011/12/01</date></pub-dates></dates><publisher>NRC Research Press</publisher><isbn>0008-3984</isbn><urls><related-urls><url>http://dx.doi.org/10.4141/cjas2011-029</url></related-urls></urls><electronic-resource-num>10.4141/cjas2011-029</electronic-resource-num><access-date>2016/05/26</access-date></record></Cite></EndNote>Huhtanen et al., 2011), leading to increased whole tract NDF digestibility by animals offered the diets containing red clover.  This happened despite concomitant reductions in whole-tract digestibilities of DM and OM, although whole-tract digestibility values are not indicative of difference in rates of rumen fermentation or passage rate ( ADDIN EN.CITE , ).  Therefore, the highest rates of DM intake, and hence the highest milk yields, by animals offered the R50 diet might have resulted from an optimal balance between diet NDF concentrations and fiber fermentation rates in the rumen enabling faster passage rates ( ADDIN EN.CITE , , ).    Increasing dietary CP concentration can increase DM intake in dairy cows ( ADDIN EN.CITE , ), although this is not always found (e.g.  HYPERLINK \l "_ENREF_15" \o "Colmenero, 2006 #27787"  ADDIN EN.CITE <EndNote><Cite><Author>Colmenero</Author><Year>2006</Year><RecNum>27787</RecNum><DisplayText>Colmenero and Broderick, 2006</DisplayText><record><rec-number>27787</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27787</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Colmenero, J. J. Olmos</author><author>Broderick, G. A.</author></authors></contributors><titles><title>Effect of Dietary Crude Protein Concentration on Milk Production and Nitrogen Utilization in Lactating Dairy Cows</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>1704-1712</pages><volume>89</volume><number>5</number><keywords><keyword>dietary crude protein</keyword><keyword>milk production</keyword><keyword>nitrogen utilization</keyword></keywords><dates><year>2006</year><pub-dates><date>5//</date></pub-dates></dates><isbn>0022-0302</isbn><urls><related-urls><url>http://www.sciencedirect.com/science/article/pii/S002203020672238X</url></related-urls></urls><electronic-resource-num>http://dx.doi.org/10.3168/jds.S0022-0302(06)72238-X</electronic-resource-num></record></Cite></EndNote>Colmenero and Broderick, 2006).  It may be hypothesized that increases in DM intake in response to increased diet CP concentration may be partly driven by the interaction of energy-yielding nutrients and RDP, perhaps resulting in improved capture of RDP into microbial protein and reduced absorption of ammonia from the rumen.  However, even when ammonia absorption is increased significantly, DM intake can remain unaffected ( ADDIN EN.CITE , ).
	Milk fat concentrations and yields were unaffected by dietary treatment.  Similar results, although comparing feeding red clover silage with grass silage, were found by  HYPERLINK \l "_ENREF_3" \o "Al-Mabruk, 2004 #21740"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Al-Mabruk</Author><Year>2004</Year><RecNum>21740</RecNum><DisplayText>Al-Mabruk et al. (2004</DisplayText><record><rec-number>21740</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">21740</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Al-Mabruk, R. M.</author><author>Beck, N. F. G.</author><author>Dewhurst, R. J.</author></authors></contributors><titles><title>Effects of silage species and supplemental vitamin E on the oxidative stability in milk</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>406-412</pages><volume>87</volume><dates><year>2004</year></dates><urls></urls></record></Cite></EndNote>Al-Mabruk et al. (2004), whereas  HYPERLINK \l "_ENREF_54" \o "Vanhatalo, 2009 #27698"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Vanhatalo</Author><Year>2009</Year><RecNum>27698</RecNum><DisplayText>Vanhatalo et al. (2009</DisplayText><record><rec-number>27698</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27698</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Vanhatalo, A.</author><author>Kuoppala, K.</author><author>Ahvenjarvi, S.</author><author>Rinne, M.</author></authors></contributors><titles><title>Effects of feeding grass or red clover silage cut at two maturity stages in dairy cows. 1. Nitrogen metabolism and supply of amino acids</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>5620-5633</pages><volume>92</volume><number>11</number><dates><year>2009</year><pub-dates><date>Nov</date></pub-dates></dates><accession-num>WOS:000270916500030</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000270916500030</url></related-urls></urls><electronic-resource-num>10.3168/jds.2009-2249</electronic-resource-num></record></Cite></EndNote>Vanhatalo et al. (2009) and  HYPERLINK \l "_ENREF_37" \o "Moorby, 2009 #25378"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Moorby</Author><Year>2009</Year><RecNum>25378</RecNum><DisplayText>Moorby et al. (2009</DisplayText><record><rec-number>25378</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">25378</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Moorby, J. M.</author><author>Lee, M. R. F.</author><author>Davies, D. R.</author><author>Kim, E. J.</author><author>Nute, G. R.</author><author>Ellis, N. M.</author><author>Scollan, N. D.</author></authors></contributors><titles><title>Assessment of dietary ratios of red clover and grass silages on milk production and milk quality in dairy cows</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>1148-60</pages><volume>92</volume><number>3</number><dates><year>2009</year></dates><isbn>1525-3198</isbn><accession-num>MEDLINE:19233807</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://MEDLINE:19233807</url></related-urls></urls></record></Cite></EndNote>Moorby et al. (2009) found a relative decrease in milk fat concentrations. Comparing red clover and corn silage mixtures, as in the present study,  HYPERLINK \l "_ENREF_17" \o "Dewhurst, 2010 #27693"  ADDIN EN.CITE <EndNote><Cite AuthorYear="1"><Author>Dewhurst</Author><Year>2010</Year><RecNum>27693</RecNum><DisplayText>Dewhurst et al. (2010</DisplayText><record><rec-number>27693</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27693</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Dewhurst, R. J.</author><author>Davies, L. J.</author><author>Kim, E. J.</author></authors></contributors><titles><title>Effects of mixtures of red clover and maize silages on the partitioning of dietary nitrogen between milk and urine by dairy cows</title><secondary-title>Animal</secondary-title></titles><periodical><full-title>Animal</full-title><abbr-1>Anim.</abbr-1></periodical><pages>732-738</pages><volume>4</volume><number>5</number><dates><year>2010</year><pub-dates><date>May</date></pub-dates></dates><accession-num>WOS:000277165900009</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000277165900009</url><url>http://journals.cambridge.org/download.php?file=%2FANM%2FANM4_05%2FS1751731109991716a.pdf&amp;code=c319b089d4e34b0ee332fec41a70bb64</url></related-urls></urls><electronic-resource-num>10.1017/s1751731109991716</electronic-resource-num></record></Cite></EndNote>Dewhurst et al. (2010), found no effect of treatment on milk fat concentrations, but significant effects on milk fat yields.  Even though protein intakes increased as the proportion of red clover silage in the diet increased, milk protein concentrations significantly decreased, although the absolute change in concentration was numerically small; again this effect has been found previously ( ADDIN EN.CITE , ).  Milk protein yield increased as milk yield increased, such that the greatest protein yields were found from those cows offered the R50 diet, the 1:1 mix of red clover and corn silages.  This is likely to be a result of a better balance of energy-yielding nutrients and protein on this diet than on either of the other 2 diets.  Despite those cows offered the R90 diet consuming approximately 900 g of protein more per day than the R10 cows, this did not translate into any more milk protein.  This was partly due to the reduction in whole-tract N digestibility as the proportion of red clover silage in the diet increased, leading to less digestible protein for absorption by the animal, and partly due to a concomitant reduction in the energy density of the diet; the highest intake of energy was achieved by cows consuming diet R50.  It is possible that on all three treatment diets of the current study supplies of Met may have limited milk protein production, because Met is often limiting in corn silage-based diets (NRC,  HYPERLINK \l "_ENREF_42" \o "National Research Council, 2001 #14588"  ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>National Research Council</Author><Year>2001</Year><RecNum>14588</RecNum><DisplayText>2001</DisplayText><record><rec-number>14588</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">14588</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>National Research Council,</author></authors></contributors><titles><title>Nutrient Requirements of Dairy Cattle</title></titles><edition>Seventh Revised Edition</edition><dates><year>2001</year></dates><pub-location>Washington, D. C.</pub-location><publisher>National Academy Press</publisher><urls></urls></record></Cite></EndNote>2001) and supplies of Met from red clover silage have also found to be inadequate for optimal milk protein secretion ( HYPERLINK \l "_ENREF_54" \o "Vanhatalo, 2009 #27698"  ADDIN EN.CITE <EndNote><Cite><Author>Vanhatalo</Author><Year>2009</Year><RecNum>27698</RecNum><DisplayText>Vanhatalo et al., 2009</DisplayText><record><rec-number>27698</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27698</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Vanhatalo, A.</author><author>Kuoppala, K.</author><author>Ahvenjarvi, S.</author><author>Rinne, M.</author></authors></contributors><titles><title>Effects of feeding grass or red clover silage cut at two maturity stages in dairy cows. 1. Nitrogen metabolism and supply of amino acids</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>5620-5633</pages><volume>92</volume><number>11</number><dates><year>2009</year><pub-dates><date>Nov</date></pub-dates></dates><accession-num>WOS:000270916500030</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://WOS:000270916500030</url></related-urls></urls><electronic-resource-num>10.3168/jds.2009-2249</electronic-resource-num></record></Cite></EndNote>Vanhatalo et al., 2009). 

Purine Derivative Excretion and Nitrogen and Phosphorus Partitioning
Purine derivative excretion in urine is a proxy for microbial protein outflow from the rumen ( ADDIN EN.CITE , , ), and assumes a constant ratio of N to purines in the microbial mass leaving the rumen.  This assumption holds over a range of forage:concentrate ratios ( HYPERLINK \l "_ENREF_35" \o "Moorby, 2006 #21780"  ADDIN EN.CITE <EndNote><Cite><Author>Moorby</Author><Year>2006</Year><RecNum>21780</RecNum><DisplayText>Moorby et al., 2006</DisplayText><record><rec-number>21780</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">21780</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Moorby, J. M.</author><author>Dewhurst, R. J.</author><author>Evans, R. T.</author><author>Danelon, J. L.</author></authors></contributors><auth-address>Moorby, JM&#xD;Inst Grassland &amp; Environm Res, Aberystwyth SY23 3EB, Dyfed, Wales&#xD;Inst Grassland &amp; Environm Res, Aberystwyth SY23 3EB, Dyfed, Wales&#xD;Univ Buenos Aires, Fac Agron, RA-1417 Buenos Aires, DF, Argentina</auth-address><titles><title>Effects of dairy cow diet forage proportion on duodenal nutrient supply and urinary purine derivative excretion</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>3552-3562</pages><volume>89</volume><number>9</number><keywords><keyword>dairy cow</keyword><keyword>nitrogen partitioning</keyword><keyword>purine derivative</keyword><keyword>rumen function</keyword><keyword>volatile fatty-acids</keyword><keyword>milk-production</keyword><keyword>concentrate ratio</keyword><keyword>grass-silage</keyword><keyword>nucleic-acid</keyword><keyword>digesta-flow</keyword><keyword>chemical-composition</keyword><keyword>nitrogen-utilization</keyword><keyword>rumen fermentation</keyword><keyword>feed-intake</keyword></keywords><dates><year>2006</year><pub-dates><date>Sep</date></pub-dates></dates><isbn>0022-0302</isbn><accession-num>ISI:000239657200032</accession-num><urls><related-urls><url>&lt;Go to ISI&gt;://000239657200032</url></related-urls></urls><language>English</language></record></Cite></EndNote>Moorby et al., 2006), and when different forages (including red clover) are fed ( ADDIN EN.CITE Merry et al., 2006).  In this study, increases in the daily urinary excretion of purine derivatives (particularly allantoin) as the proportion of red clover silage in the diet increased suggest an increase in the microbial protein flow from the rumen, which was likely driven by increases in N intake.  Apparent efficiency of microbial protein production in the rumen (purine excretion per unit N intake) was highest in cows offered diet R10, indicating better capture of rumen available N into microbial N with the higher concentrations of starch present in this diet.  
Total collection of urine output for estimating microbial protein production using purine derivatives is not always possible, and creatinine is commonly used as a volume marker ( ADDIN EN.CITE , , ).  Creatinine excretion is related to body protein turnover and BW, and although some studies have found it to be unaffected by diet (e.g.  ADDIN EN.CITE , , ), other studies have found dietary influences on creatinine excretion from cattle ( ADDIN EN.CITE , ), making the use of creatinine of less value than using total urine collections for estimating purine derivative excretion ( HYPERLINK \l "_ENREF_45" \o "Shingfield, 1998 #9979"  ADDIN EN.CITE <EndNote><Cite><Author>Shingfield</Author><Year>1998</Year><RecNum>9979</RecNum><DisplayText>Shingfield and Offer, 1998</DisplayText><record><rec-number>9979</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">9979</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Shingfield, K. J.</author><author>Offer, N. W.</author></authors></contributors><titles><title>Evaluation of the spot urine sampling technique to assess urinary purine derivative excretion in lactating dairy cows</title><secondary-title>Animal Science</secondary-title></titles><periodical><full-title>Animal Science</full-title><abbr-1>Anim. Sci.</abbr-1><abbr-2>Anim Sci</abbr-2></periodical><pages>557-568</pages><volume>66</volume><number>3</number><dates><year>1998</year></dates><urls></urls></record></Cite></EndNote>Shingfield and Offer, 1998).  The rates of creatinine excretion we found were similar to other published values (e.g.  ADDIN EN.CITE , , ), and indicate that without knowledge of the actual volumes of urine produced, the estimates of purine derivative excretion would have been very different in this study.  Treatment differences observed in this study may have been related to changes in BW, which were negative over the course of each experimental 4-wk period for cows offered the R10 diet, which also had the lowest rates of creatinine excretion, and positive for cows offered diets R50 and R90.  Urine volume is closely related with the consumption of Na, K and N ( HYPERLINK \l "_ENREF_5" \o "Bannink, 1999 #5436"  ADDIN EN.CITE <EndNote><Cite><Author>Bannink</Author><Year>1999</Year><RecNum>5436</RecNum><DisplayText>Bannink et al., 1999</DisplayText><record><rec-number>5436</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">5436</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Bannink, A.</author><author>Valk, H.</author><author>VanVuuren, A. M.</author></authors></contributors><titles><title>Intake and excretion of sodium, potassium, and nitrogen and the effects on urine production by lactating dairy cows</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>1008-1018</pages><volume>82</volume><number>5</number><keywords><keyword>holstein cows, protein, water</keyword><keyword>urine volume, sodium, potassium, nitrogen</keyword></keywords><dates><year>1999</year></dates><urls></urls></record></Cite></EndNote>Bannink et al., 1999) when water intake is not limited, and it is likely that the increasing output of urine as the red clover content of the diets increased in the present study was a result of the increasing intake of N from those diets.
	Protein that is degraded in the rumen and not incorporated into microbial protein is absorbed from the rumen, converted to urea in the liver, and largely excreted in urine.  As the proportion of red clover in the diet increased, large increases in N intake led to concomitant increases in N excretion in feces and urine.  The difference in average daily N excretion between cows consuming diets R10 and R90 (184 g/d) was greater than the difference in mean N intake (162 g/d). A small reduction in diet N digestibility with red clover silage meant that proportionally more dietary N was excreted in feces, but substantially more N was excreted in urine at the same time.  Most of the urinary N was lost as a result of inefficient capture of rumen degradable protein in the rumen ( HYPERLINK \l "_ENREF_24" \o "Gonda, 1994 #3452"  ADDIN EN.CITE <EndNote><Cite><Author>Gonda</Author><Year>1994</Year><RecNum>3452</RecNum><DisplayText>Gonda and Lindberg, 1994</DisplayText><record><rec-number>3452</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">3452</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Gonda, H. L.</author><author>Lindberg, J. E.</author></authors></contributors><titles><title>Evaluation of Dietary Nitrogen Utilization in Dairy Cows Based On Urea Concentrations in Blood, Urine and Milk, and On Urinary Concentration of Purine Derivatives</title><secondary-title>Acta Agriculturae Scandinavica Section a-Animal Science</secondary-title></titles><periodical><full-title>Acta Agriculturae Scandinavica Section a-Animal Science</full-title><abbr-1>Acta Agric. Scand.</abbr-1><abbr-2>Acta Agric Scand</abbr-2></periodical><pages>236-245</pages><volume>44</volume><number>4</number><keywords><keyword>microbial nucleic-acid, early lactation, growing cattle, excretion, sheep, protein, ruminants, infusion, energy, rumen</keyword><keyword>aat, pbv, spot samples, diurnal variation, allantoin creatinine ratio</keyword></keywords><dates><year>1994</year></dates><urls></urls></record></Cite></EndNote>Gonda and Lindberg, 1994) as less starch was available from reducing proportions of corn silage to enable this ( HYPERLINK \l "_ENREF_30" \o "Kebreab, 2001 #14564"  ADDIN EN.CITE <EndNote><Cite><Author>Kebreab</Author><Year>2001</Year><RecNum>14564</RecNum><DisplayText>Kebreab et al., 2001</DisplayText><record><rec-number>14564</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">14564</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Kebreab, E.</author><author>France, J.</author><author>Beever, D.E.</author><author>Castillo, A.R.</author></authors></contributors><titles><title>Nitrogen pollution by dairy cows and its mitigation by dietary manipulation</title><secondary-title>Nutrient Cycling in Agroecosystems</secondary-title></titles><periodical><full-title>Nutrient Cycling in Agroecosystems</full-title><abbr-1>Nutr. Cycl. Agroecosyst.</abbr-1></periodical><pages>275-285</pages><volume>60</volume><dates><year>2001</year></dates><urls><pdf-urls><url>file://\\staff\ibers\Personal\jxm\MyDocs\References\Downloaded papers\Kebreab et al, NutCylAgro 01, 275.pdf</url></pdf-urls></urls></record></Cite></EndNote>Kebreab et al., 2001).  Overall, although increasing the proportion of red clover in the diet increased the supply of dietary N, which in turn led to apparent increases in rumen microbial protein production, the efficiency of use of the dietary N decreased with reduced intakes of starch from corn silage, and more dietary N was excreted urine.  Ultimately, the diet that resulted in the highest milk protein yields (R50) was not the most efficient in terms of milk protein production from dietary N (R10), and was probably not the absolute best ratio of the red clover and corn silages to optimize the crops’ use by dairy cows, which would be determined by a balance between N supply, microbial N production, and use of absorbed protein by the animal for milk production. 
	Excretion of P in urine was very low, as expected ( ADDIN EN.CITE , ).  The forage components of the complete diets provided relatively small amounts of dietary P (less than one third of the total amount) compared to what was supplied in the concentrate supplement fed at the same rate for all three diets, leading to small differences in P intake.  Dietary P concentrations (mean of 0.31% DM) were slightly lower than recommended by NRC ( HYPERLINK \l "_ENREF_42" \o "National Research Council, 2001 #14588"  ADDIN EN.CITE <EndNote><Cite ExcludeAuth="1"><Author>National Research Council</Author><Year>2001</Year><RecNum>14588</RecNum><DisplayText>2001</DisplayText><record><rec-number>14588</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">14588</key></foreign-keys><ref-type name="Book">6</ref-type><contributors><authors><author>National Research Council,</author></authors></contributors><titles><title>Nutrient Requirements of Dairy Cattle</title></titles><edition>Seventh Revised Edition</edition><dates><year>2001</year></dates><pub-location>Washington, D. C.</pub-location><publisher>National Academy Press</publisher><urls></urls></record></Cite></EndNote>2001), i.e. 0.32 to 0.37 % DM, but secretion of P in milk was similar among treatments and P balance was positive in all animals, suggesting the supply of P was adequate.  Despite this there were significant effects of dietary treatment on apparent whole-tract digestibility of P and on subsequent apparent partitioning of P between feces, milk, and body retention.  This may be related to changes in the rumen microbial population resulting from the difference in the forage components of the diets because P digestion is influenced by microbial phytase activity, with absorption from the gut by the small intestine, and recycling of P back into the rumen via saliva ( ADDIN EN.CITE Hill et al., 2008).  Previous work found little difference in P digestibility or whole-body P partitioning when feeding red clover and ryegrass silages to dry dairy cows ( ADDIN EN.CITE Moorby et al., 2008), but whole-tract P digestibility was much lower than in the current study, possibly because no supplemental concentrates were fed to the dry cows, and therefore no supplemental inorganic P – as part of a mineral premix in a concentrate – was supplied.   

Fecal output of E. coli
	Escherichia coli O157 is a major cause of foodborne illness in humans ( ADDIN EN.CITE , ), and fecal material from cattle is a source of food contamination.  Fecal populations of E. coli are influenced by grain in the diet of dairy cattle, with higher shedding from cattle fed high concentrate diets compared to those on high forage diets because of proliferation of the bacteria enabled by starch fermentation in the hindgut ( HYPERLINK \l "_ENREF_11" \o "Callaway, 2003 #27775"  ADDIN EN.CITE <EndNote><Cite><Author>Callaway</Author><Year>2003</Year><RecNum>27775</RecNum><DisplayText>Callaway et al., 2003</DisplayText><record><rec-number>27775</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27775</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Callaway, T. R.</author><author>Elder, R. O.</author><author>Keen, J. E.</author><author>Anderson, R. C.</author><author>Nisbet, D. J.</author></authors></contributors><titles><title>Forage Feeding to Reduce Preharvest Escherichia coli Populations in Cattle, a Review</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>852-860</pages><volume>86</volume><number>3</number><keywords><keyword>Escherichia coli</keyword><keyword>cattle</keyword><keyword>forage</keyword><keyword>feeding</keyword></keywords><dates><year>2003</year><pub-dates><date>3//</date></pub-dates></dates><isbn>0022-0302</isbn><urls><related-urls><url>http://www.sciencedirect.com/science/article/pii/S0022030203736686</url></related-urls></urls><electronic-resource-num>http://dx.doi.org/10.3168/jds.S0022-0302(03)73668-6</electronic-resource-num></record></Cite></EndNote>Callaway et al., 2003).  Despite large differences in starch intake between the diets, no apparent differences were found in fecal outputs of E. coli O157 or of all E. coli strains in this study.  The starch in the diets of the present study originated from corn silage (not corn grain) which tends to be more digestible in the rumen than grain starch and therefore results in less flow of starch to the small intestine ( HYPERLINK \l "_ENREF_31" \o "Knowlton, 1998 #27776"  ADDIN EN.CITE <EndNote><Cite><Author>Knowlton</Author><Year>1998</Year><RecNum>27776</RecNum><DisplayText>Knowlton et al., 1998</DisplayText><record><rec-number>27776</rec-number><foreign-keys><key app="EN" db-id="feewdv9z1ra5xce02pt55we4vf0dxswvsfpr">27776</key></foreign-keys><ref-type name="Journal Article">17</ref-type><contributors><authors><author>Knowlton, K. F.</author><author>Glenn, B. P.</author><author>Erdman, R. A.</author></authors></contributors><titles><title>Performance, Ruminal Fermentation, and Site of Starch Digestion in Early Lactation Cows Fed Corn Grain Harvested and Processed Differently</title><secondary-title>Journal of Dairy Science</secondary-title></titles><periodical><full-title>Journal of Dairy Science</full-title><abbr-1>J. Dairy Sci.</abbr-1><abbr-2>J Dairy Sci</abbr-2></periodical><pages>1972-1984</pages><volume>81</volume><number>7</number><keywords><keyword>corn processing</keyword><keyword>starch</keyword><keyword>intestinal digestion</keyword></keywords><dates><year>1998</year><pub-dates><date>7//</date></pub-dates></dates><isbn>0022-0302</isbn><urls><related-urls><url>http://www.sciencedirect.com/science/article/pii/S0022030298757716</url></related-urls></urls><electronic-resource-num>http://dx.doi.org/10.3168/jds.S0022-0302(98)75771-6</electronic-resource-num></record></Cite></EndNote>Knowlton et al., 1998).  As a consequence, large intestine fermentation of starch in the current study may have been too small to have had a significant effect on populations and fecal shedding of E. coli.

CONCLUSIONS
This study demonstrated the value of red clover silage to offer good feeding value for use as a high protein forage for milk production from dairy cows and confirmed the hypothesis that equal mixtures of corn and red clover silages offered the optimum diet in terms of feed intake potential and milk production from dairy cows, with the two forages ensuring a balance of protein- and energy-yielding nutrients from the mixture.  Purine derivative excretion data indicate that microbial protein production in the rumen was greatest with the highest proportion of red clover in the diet, but this did not result in the greatest yields of milk or milk protein, perhaps because of a limitation in the supply of energy-yielding nutrients in this diet.  No significant effect of forage treatment on total fecal populations of E. coli were detected. 
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1 Treatment: R10 = 90% corn silage:10% red clover silage; R50 = 50% corn silage:50% red clover silage; R90 = 10% corn silage:90% red clover silage; all ratios on a DM basis. 2 Determined by freeze drying. 3 Limit of quantification (0.07 % DM).




















1 Treatments: R10 = 90% corn silage:10% red clover silage; R50 = 50% corn silage:50% red clover silage; R90 = 10% corn silage:90% red clover silage; all ratios on a DM basis.
2 Interaction standard error of the differences of the means.
3 Calculated as 3.7 × digestibility of OM expressed as a proportion (g/g) of the DM






Milk constituent concentrations, %			
Fat	3.67	3.75	3.89	0.140	0.12	0.82
Protein	3.09	3.06	2.99	0.024	<0.001	0.25




Milk yield/ total DMI, kg/kg	1.35	1.33	1.32	0.033	0.37	0.97
Milk yield/ digestible DMI, kg/kg	1.97	2.01	2.03	0.049	0.18	0.76
1 Treatments: R10 = 90% corn silage:10% red clover silage; R50 = 50% corn silage:50% red clover silage; R90 = 10% corn silage:90% red clover silage; all ratios on a DM basis.




Table 4. Mean treatment effects of altering the dietary forage ratio of corn and red clover silages on N and P intakes, outputs and their apparent whole-body partitioning, and the quantities of urine produced by dairy cows1.
	Treatment2		P-value of effect
	R10	R50	R90	SED3	Linear	Non-linear
N intake, g N/d	394	534	556	16.6	<0.001	0.006




N balance, g N/d	52	67	24	17.2	0.17	0.11





P intake, g P/d	59	67	66	1.5	0.003	0.009




P balance, g P/d	10	17	12	1.6	0.25	0.03






1 Measurements were carried out in a subset of the experimental cows (n = 9).
2 Treatments: R10 = 90% corn silage:10% red clover silage; R50 = 50% corn silage:50% red clover silage; R90 = 10% corn silage:90% red clover silage; all ratios on a DM basis.















1 Measurements were carried out in a subset of the experimental cows (n = 9).
2 Treatments: R10 = 90% corn silage:10% red clover silage; R50 = 50% corn silage:50% red clover silage; R90 = 10% corn silage:90% red clover silage; all ratios on a DM basis.
3 Interaction standard error of the differences of the means.




PAGE  



2



